INTRODUCTION
Due to increasing of the radio communication link throughput with the increase of the carrier frequency using of a THz frequency as the carrier one is one of the most promising means for development of a Gb radio communication link.
Relatively high attenuation in the atmosphere resulting from rain and resonant absorption by oxygen and water molecules is a particular feature of THz-band frequencies. For that reason they are not suitable for long-range radio communication. The communication range in THz band is restricted by several kilometers due to limited output power of the transmitter and sensitivity of the receiver. At the same time, the possibility of transmission of a large data volume per a unit of time would allow, in particular, the multiplex transmission of uncompressed TV signals with high resolution. All the above features demonstrate the promising of the using the THz band for development of local telecommunication systems with a high throughput value [1, 2] . In particular, the Japanese researchers developed a 120 GHz radio relay link [3] , capable of data transmission at the rate of 10 Gbps to the range of more than 800 m.
130 GHZ BAND TRANSCEIVER
The objective of the present paper is in demonstration of the real opportunity to provide for a qualitative increase of the system throughput by development of the transceiver for the radio relay system operating in THz-band.
Based on the computer and physical simulation of structural units of the telecommunication system the analog part of the transceiver has been designed. Its block diagram is provided in Fig. 1 .
FIG. 1: Block diagram of the transceiver
The circuitry includes: -the transmitter duct composed of the output IFA, the frequency upconverter and the output band-pass filter (BPF); -the receiver duct composed of the input BPF, the mixer and the output IFA. High-frequency (HF) circuits of the transmitter and the receiver circuits operate within the frequency bandwidth of 127…133 GHz. Intermediate frequency (IF) circuits operate within the frequency bandwidth of 1…2 GHz.
Application of a common beat oscillator for both the receiver and the transmitter ducts is a particular feature of this circuitry. At that, the receiver and the transmitter circuits operate at different side bands of the frequency converters.
High-frequency BPF provide for separation of ducts from each other and from the second harmonic of the heterodyne oscillator. 
Frequency converters
The frequency converters and namely -the receiver mixer and the transmitter upconverter -possess similar circuits and design. However, they differ in terms of the signal propagation direction in accordance with their functional designation. We selected the sub-harmonic circuitry of the converters that allowed using of the heterodyne oscillator with the frequency twice as low as that used in standard converters. This provides for an easier solution to the problem of creation of the heterodyne circuit that is especially important for such high operation frequencies.
At Block diagram of the converter design is shown in Fig. 2 .
FIG. 2: Design of the converter
The design includes two waveguides connected with a symmetrical stripline, upon which a pair of open-frame mixing diodes are mounted. The diodes are oppositeparallel connected to the stripline.
Gallium-arsenide Schottky barrier diodes are used as the mixing diodes. The diodes possess the zero-shift barrier capacity of С j0 = (8…12) pF and the serial loss impedance of R loss = (6…8) Ohm. Open-frame design with beam-lead contacts is very convenient for mounting of the diodes into the integral circuit of the converters. The diode pairs are selected in a way to provide for a symmetrical mode of the resulting Volt-ampere characteristic in order to efficiently eliminate the odd harmonics of the heterodyne frequency.
The waveguide with the channel cross-section of 1.6 х 0.8 mm forms a part of the high frequency signal circuit and becomes evanescent for the heterodyne and IF frequencies. The heterodyne signal is fed to the diodes via the waveguide channel with the cross-section of 3.6 х 1.8 mm. The channel is evanescent for the IF signal, and the separation between the heterodyne and the HF signal is performed by the low-pass filter (LPF) with the cut-off frequency of 67 GHz, which is connected at the section of the stripline between the waveguide channels.
The IF signal circuit is realized completely upon the symmetrical stripline with suspended substrate. The substrate was formed by the polyamide film with the thickness of 30 µm fixed within a rectangular-shape channel with the cross-section of 0.8 х 0.4 mm evanescent for generation of higher waveguide modes. The output LPF in the IF circuit with the cut-off frequency of 30 GHz is preventing penetration of the heterodyne and HF signals into the intermediate frequency channel.
Short-circuiting pistons installed in the waveguide channels provide for tuning of relevant circuits of the converters. General view of the frequency converter is shown in Fig. 3 . The measured transform losses amounted to 12 dB for both the mixer and the upconverter. Required power of the heterodyne was not exceeding 12 mW for the mixer. For the upconverter the heterodyne power was increased to 20 mW in order to provide for the linear mode of its operation.
Heterodyne oscillator
The problem of creating of the heterodyne is stipulated by both difficulty in attaining of a sufficient power level at such high frequencies and by the necessity of provision of high stability of the heterodyne and low level of its phase noise.
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The heterodyne circuit for the frequency of 64.8 GHz was developed for the radio relay system operating within the bandwidth of 127...133 GHz. Of the variety of means for building of the heterodyne circuit we selected the circuit using a high-stable quartz clock oscillator with a serial circuitry of multiplying and amplifying stages. This building of the heterodyne circuit is characterized by a minimal number of parasite harmonics and combination frequencies. It is also far less expensive than the circuit using the frequency synthesizer.
Block diagram of the heterodyne circuit is shown in Fig. 4 .
FIG. 4: Block diagram of the heterodyne circuit
Crystek Crystals 100 МHz quartz oscillator having the phase noise level not higher than -143 dB at the offset from the central frequency by 1 kHz was used as the clock one. Frequency stability and phase noise of the heterodyne are determined primarily by the driving oscillator parameters.
Multiplication of the driving oscillator frequency up to 8.1 GHz was performed by two modules containing multiplication-amplification stages executed on the basis of transistors or single-piece microchips, and selective filters on the basis of surface acoustic waves (SAW) or comb filters. Figure 5 shows the measured spectrum of the signal in the vicinity of the 8.1 GHz frequency. As it is shown by the measurement results any noticeable parasite harmonics of the driving oscillator are absent in the vicinity of the 8.1 GHz frequency output signal, while the second harmonic of the output signal is suppressed by more than 40 dB. The output power is 7 mW and the phase noise level is not exceeding 107 dB at the offset from the central frequency by 100 kHz and 94 dB at the offset by 10 kHz.
In addition to the multiplication-amplification functions the output part of the heterodyne circuit performs splitting of the heterodyne signal in two channels. This design of the output part allows using of a common heterodyne for both the transmitter and the receiver ducts that provides for a substantial simplification of the circuit and the design of the entire transceiver thus decreasing its costs. At that, transmission and reception of signals are executed at different sideband frequencies of the converters. The circuit of the output part of the heterodyne circuit includes two cascaded doublers, band-pass filters selecting the required frequencies, the amplification stage and the splitter, output signals from which are doubled upon the frequency by output multipliers. Amplification and multiplication stages and the splitter are realized upon single-piece microchips and the band-pass filters are executed on the Polycore substrates. All of the above units are assembled in a single frame as a separate module, general view of which is demonstrated in Fig. 6 .
The output multiplication stages of the heterodyne circuit are executed in separate frames and built on the basis of UMS CHX2192 multiplication microchips capable of increasing the frequency of the output heterodyne signals up to 64.8 GHz. Installation of a microchip in the doubler frame is shown in Fig. 6 .
The output multiplication cascades of the heterodyne circuit are executed in separate frames and built on the basis of multiplication microchips capable of increasing the frequency of output signals of the heterodyne up to 64.8 GHz.
Microchip installation into the doubler frame is shown in Fig. 7 .
FIG. 7: Heterodyne circuitry output doubler
Another way of development of a heterodyne lies in stabilization of a highfrequency source (on Gunn diode or avalanche-transit diode) by an external quasioptical resonator [4] . Specific requirements set in this case to the oscillation loop (quasi-optical resonator) are the following:
-sufficiently high sparseness of the eigen frequencies spectrum of the open resonant (OP) system. In the extreme it is necessary to tend to a single-frequency excitation mode of OR within the excitation bandwidth of the active element oscillations;
-high eigen Q-factor of oscillations at the operating frequency;
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-possibility of aligning of impedances of the non-linear element (low impedance of the order of several Ohm) and of the oscillation loop (high impedance approaching to the free space impedance).
In addition to the above requirements it is necessary to provide for the acceptable dimensions and weight of the oscillatory system along with minimization of the effect of external factors (temperature, humidity etc.) upon the spectral characteristics and the output power. OR satisfy most of the above requirements, however, the problems of impedance aligning and bulky dimensions force us to seek for the ways of solving the problem of alignment and developing of small-size quasi-optical resonant systems.
In the paper [5] it is suggested a sphero-corner echelette OR, in which one of the mirrors is performed from two rectangular echelettes, and the paper [6] provides a brief description of the method for theoretical analysis of electrodynamic properties of the suggested ОR.
Design of the investigated oscillator in the cross-section upon the plane crossing the resonator axis and normal to echelette generatrices is demonstrated in Fig. 8 .
FIG. 8: Design of the quasi-optical solid oscillator
A small-size sphero-corner echelette OR is used for frequency stabilization in the suggested heterodyne. It is composed of the corner echelette mirror 1 containing two step-like deformed surfaces. To improve the parameter of mechanical robustness of the resonator the mirror and the resonator frame form a single piece. Another mirror 2 with the curvature radius R forms up a single piece with the shifting mechanism used for tuning of the resonator to the required frequency. The apertures of the mirrors are equal. The resonator length L was selected to provide for minimization of the weight and the dimensions of the unit; and it is not critical to the stability conditions, which were necessary to be fulfilled for an equivalent resonator with a plane or a spherical mirror [6, 7] because the investigated resonator is excited upon the quasi-main mode, the field of which is congregated towards the resonator axis (diffraction losses are . Besides being an adjustment mechanism, the adjusting screw of the mirror is also acting as a temperature compensator.
The frequency of generation upon the so called quasi-fundamental mode depends upon the resonator length L, the step height h and the curvature radius of the mirror R:
. Any frequency shift resulted from variation of the resonator temperature is a function from the linear expansion of the substance  and varies the refraction factor of the filling
; in doing so, variations of the curvature radius of the mirror and of the step height are disregarded. In addition to the hermetization the design is also envisaging the thermal stability system in order to improve the parameter of long-term stability of the oscillation source. The resonator frame is put into the thermal insulator 7 (the thermal conductivity factor is К = 0.04). The outer frame 8 is equipped with the removing lid 9 to provide for easier tuning of the resonator. While performing stabilization of the resonator temperature, the volume of thermal flow and its direction are controlled by two Peltier cell batteries 10 installed between the resonator frame and the external heat-exchanger 11, which is made of aluminum (К = 209).
Phase distance between the Gunn diode and the resonator is adjusted by selection of the waveguide insert 12 thickness.
The quasi-optical heterodyne is rated for the frequency of generation 32.4 GHz with using of the output frequency doubler developed for the heterodyne with quartz clock oscillator and the frequency multiplier up to 64.8 GHz, the signal from which is fed to receiver and transmitter ducts via the splitter. Figure 9 shows the heterodyne oscillator characteristics depending upon the resonator length L. It is apparent from the graphs that the most acceptable area is the area, in which the conditions of excitation of quasi-fundamental modes are fulfilled (the area boundaries are indicated with a dotted line).
Main characteristics of the oscillator are the following: the frequency of generation is 32.47 The measured values of heterodyne output power for the transmitter and receiver ducts were 15…20 mW.
We admit that development of a higher-frequency heterodyne for the frequency of 65 GHz and higher seems more promising. Thus, in [8] we provide characteristics of the oscillator operating within the 115 GHz band and manufactured on a Gunn diode made of InP.
FIG. 10:
Quasi-optical oscillator without the thermal stabilization chamber Figure 10 shows the quasi-optical oscillator without the thermal stabilization chamber. In this case there would be no need of using the output frequency doubler (see Fig. 7 ), and total weight of the device would be lower due to decreasing of weight and dimensions of the quasi-optical oscillator. We also note that within the short-wave domain of the mm-wave band the oscillation sources on avalanche-transit diodes with the quasi-optical resonant system in terms of stable excitation of the oscillations, frequency stability and noise level make a good competition to the Gunn diode oscillators and override them in terms of output power.
Band-pass filters
Low value of intermediate frequency (
sets strict requirements to highfrequency BPF in terms of their selectivity parameter. The filters have to provide for a sufficient separation of the signals between the transmitter and receiver ducts, as well as for a reliable rejection of the second harmonic of the heterodyne frequency in both ducts.
Septum-filters that were designed and modeled exactly within the framework of this project seem to be the most acceptable for the 2 mm wave band concerning their low loss and high selectivity parameters. Structurally, the filter is a thin metal plate, inserted into the Е-plane of the waveguide channel. The plate contains resonant windows, the value of coupling between which is determined by the width of the strips separating them. Figure 11 provides rated S-parameters of the BPF, and Fig. 12 demonstrates the photographic image of a disassembled filter. As it is evident from the performed measurements the filter provides for the selectivity, which is sufficient for separation between the transmitter and receiver ducts. The second harmonic of the heterodyne (129.6 GHz) is suppressed by the filter by 20 dB. Filter losses upon the plane part are not exceeding 3.7 dB that is a satisfactory results for such high frequencies. AFC heterogeneity upon the plane part is not more than 2 dB. IFA provided for signal amplification by 28.5 dB within the bandwidth of 1…2 GHz with the noise temperature of not more than 100 К.
Transceiver duct
Development of separate structural units of the transmitter and receiver circuit for the THz band radio relay system allowed performing design and manufacturing of the entire analog part of the transceiver, the block diagram of which is shown in Fig. 1 .
Structurally, the transceiver is performed as a single-piece device including all of the developed units, modular execution of the latter provides for small dimensions of the assembled device and convenience of performing installation and assembly operations. General view of the transceiver is provided in Fig. 14 .
Structurally, the transmitter and the receiver ducts are installed at different levels, while the power is supplied to them from the common heterodyne oscillator. Upon the IF circuits the ducts possess coaxial input and output with N-connections, and upon the high-frequency circuits -waveguide output and input within the 1.6 х 0.8 mm channel. The transceiver also includes a separate unit forming the required highly stable voltages for supplying power to all structural units.
Experimental results
Throughput frequency characteristic of the transmitter and receiver duct was measured with the help of supplying to the transmitter input of a calibrated signal from the sweep-oscillator in the IF band and controlling of the signal from the output of the receiver on the monitor of the panoramic measurer. In this case the high-frequency output of the transmitter was connected to the receiver input via a waveguide section. Measured frequency characteristic is provided in Fig. 15 . Results of the above measurements allowed determining the value of the transmitter output power that amounted to 10 dBm. Therefore, the signal-to-noise ratio at the receiver duct input is exceeding 35 dB that permits estimation of the communication range as not less than 1 km under the conditions of the free space with application of the antennas with the gain value at the level of 45…48 dB.
Using of high-frequency amplifiers, which are shown by dotted lines in the block diagram (Fig. 1 ) might provide for achieving of an essential improvement of the transceiver power characteristics.
Spectral characteristic of the signal at the receiver duct output (Fig. 16 ) was measured using a digital modem that generated a calibrating signal.
With the help of the developed transceiver we accomplished transmission of data between two computers at the rate of 155 Мbps using QAM-256 modulation within the 25 MHz bandwidth formed by the modem.
CONCLUSIONS
A lab prototype of the transceiver for the 130 GHz digital radio relay system capable of transmission and reception of digital data at the rate of up to 1.5 Gbps at the range of radio communication within the limits of 1 km is developed for the first time.
One of the most promising applications of THz-band radio relay systems includes wireless transmission in a real-time scale of non-compressed (HD-SDI) high-definition TV signals like High Definition Television and Super HDTV, SHDTV. Their bitrates attain 1.5 Gbps and 6.0 Gbps correspondingly. Such a wireless communication system could be promptly applied for establishing of a temporary radio link access. In particular, it might be the key component of communication link recovery in the cases of occurring of emergency situations when optic fiber networks become inoperative due to a failure.
The attained results might be considered as the basis for creation of the new trend in science and engineering -Terahertz super high-speed telecommunication.
The next stage which is also a promising trend of development includes development of integrally manufactured multi-purpose devices containing in a singlepiece structure oscillating, converting, filtering, amplifying, controlling and other elements, including antennas. Therefore there would be possible to develop a new generation of THz-band transmitter and receiver devices.
